Aim: Since atherosclerosis was recognized as an inflammatory disease in 1990, the infiltration of macrophages and T lymphocytes has been reported to be predominant in human atherosclerotic lesions. Although adventitis accompanying atherosclerosis was also described in many reports, it is still unclear whether T lymphocytes or B lymphocytes are predominant in the adventitis. In this study, the authors immunohistochemically investigated the correlation between the transition of infiltrating inflammatory cells in the adventitia with atherosclerosis and the type of coronary atherosclerosis. Methods: Sixty-four coronary atherosclerotic lesions from a surgical specimen and 47 autopsy cases were used for immunohistochemical study of CD45RO, CD20, CD68 and others. Atherosclerosis was classified into type , , , according to the 1995 AHA classification. 
ApoE knockout mice 13) and Watanabe heritable hyperlipidemic rabbits 14) . Aubry described that B lymphocytes were involved in coronary atherosclerosis in autoimmune diseases such as rheumatoid arthritis 15) . On the other hand, there are fewer studies about adventitis accompanying atherosclerosis compared with studies of subintimal atherosclerotic lesions. Schwartz reported lymphocyte accumulation in the adventitia of atherosclerosis in 1962 16) . In recent years, reports have increased about adventitis accompanying atherosclerosis and it is still unclear whether B lymphocytes or T lymphocytes are dominant 1, 15, [17] [18] [19] [20] . The possibility remains of the transition of infiltrating cells as the type of atherosclerosis advances, but no reports have tried to elucidate the relationship between the stage of atherosclerosis and the distribution of inflammatory cells in adventitia in human atherosclerosis. In the present study, the authors tried to clasify this relationship in human coronary atherosclerosis, recognizing both
Introduction
Since the late 20th century, atherosclerosis has been recognized as an inflammatory disease and numerous reports have been published. This is well summarized by Ramshaw and Parums 1) , Ross 2) , Hansson 3) and Libby 4) . Most reports describing infiltrating lymphocytes in atherosclerotic lesions addressed mainly T lymphocytes [3] [4] [5] [6] [7] [8] [9] [10] [11] . Schoenbeck et al. reported in 2002 that the immune response, Th-1 type or Th-2 type, differed in stenotic or ectatic atherosclerosis in human abdominal aortic aneurysm 12) , although Th-2 mediated immune response was recognized in experimental T and B lymphocyte infiltration with changing distribution as the type of atherosclerosis advanced. This distribution change suggests the transition of infiltrating lymphocytes as the type of atherosclerosis advances.
Materials and Methods
Sixty-four specimens of coronary arteries without calcification and myocardial infarction were collected from 1 surgical specimen and 47 autopsy cases, including 43 men and 5 women (age range, 34-87 years old). The pathological diagnoses of the cases are listed in Table 1 . After fixation with 10% buffered formalin for 24 hours, the specimens of coronary artery were embedded in paraffin and cut into 4 m-thickslices. Sections were placed on MAS-coated superfrost glass slides (Matsunami Glass Industries, Osaka, Japan) and stained with hematoxylin and eosin (HE), elastica van Gieson (EVG) and methyl-green pyronin, which confirmed the B cell lineage with RNA increment, and were used for immunohistochemistry. The primary antibodies and antigen retrieval used in this study are listed in Table 2 . Each primary antibody was checked for its optimal dilution and selected for a suitable antigen retrieval method before use. After overnight incubation with each primary antibody at 4 , CD4 and CD8 were followed with the Biotin-free Tyramide Signal Amplification system (CSA2 system, DAKO Japan, Kyoto, Japan) and others were followed with the LSAB method (LSAB kit, DAKO Japan, Kyoto, Japan). Immunostaining was visualized with 3, 3' diaminobenzidine and counter-stained with hematoxylin. The type of atherosclerosis of each coronary artery was classified according to the American Heart Association (AHA) classification, 1995 21) . Immuno-positive cells were counted and adjusted as follows. In the subintimal region, immuno-positive cells in the whole area were counted between the intima and internal elastic lamina. In the adventitia, immuno-positive cells were counted within fields of 40 objective lens along the external elastic lamina around the artery (Fig. 1, 2) . Since the shape of the artery varied, round, oval and so on, the counted immuno-positive cell number was divided and adjusted by the mean of the long and short diameters (mm) of the artery, which were measured between external elastic lamina. The following unit was used:
C/md positive cell count/mean diameter.
Statistics
The data were statistically analyzed by KruskalWallis test among the results of one CD or pyronine stain on each side. Additionally, data were statistically 56  66  78  85  71  50  75  69  66  72   87  65  67  73  58  73  64  74  73  78  87  70  51  64 analyzed for homogeneity by F test (p 0.05) between each type of stain on each side. When the variance was homogenous, Student's t -test was applied for multiple comparisons, and when the variance was not homogenous, Welch's t -test was applied for multiple comparisons. For the results of both Kruskal-Wallis test and Student's/Welch's t -test, when differences in mean values in each type had a P value 0.05, they were considered significant.
Results
The classification of atherosclerosis by HE and EVG was 9 specimens of type , 24 of type , 11 of type and 20 of type , according to the AHA classification, 1995 21) . Few specimens had type 5 and more and were included with type . The surgical specimen was type and each positive cell number was less than 2.0 C/md. All atherosclerotic lesions of specimens were in a stable condition and no obvious infiltration of polymorphic leucocytes was recognized. Each CD immunostain in the adventitia is shown in Fig. 3 . In the subintimal region, positive cells in the whole area between internal elastic lamina and intima were counted. In the adventitia, positive cells within fields of 40 objective lens along external elastic lamina were counted around the artery. Positive cells (large arrow) were recognized in the subintimal region between internal elastic lamina and intima, and in the adventitia along the external elastic lamina. In the adventitia, most immuno-positive cells increased more in type than in type . Among them, immuno-positive cells of CD45, CD45RO, CD4 and CD8 significantly decreased in type , compared with those of type , as shown in Fig. 4B , that is, CD45 9.98 10.36 C/md in type decreased to 2.8 1.99 C/md in type , CD45RO 6.3 6.47 C/md to 1.4 1.27 C/md, CD4 3.3 3.51 C/md to 0.98 0.69 C/ md and CD8 6.1 5.79 C/md to 1.9 2.10 C/md, respectively (p 0.05). These dips recovered again in type . In contrast, CD68-positive cells increased up to type (27.2 17.41 C/md) and significantly decreased in type (14.1 9.28 C/md) (p 0.05).
Among 48 cases, CD20-positive cells in adventitia were recognized in 10 cases. Of 10 cases, 3 cases formed small lymph follicles in the adventitia (Fig. 5) . The distribution of CD20-positive cells in the adventitia of these 3 cases were 7.1 C/md in type , 216.1 C/md and 3.75 C/md in type . Others were smaller than 2.0 C/md.
Discussion
In recent years, many reports have been published concerning immune responses in atherosclerotic lesions in humans, and they described that the infiltra- tion of macrophages (Mp) and T lymphocytes was predominant in atherosclerotic lesions [3] [4] [5] [6] [7] [8] [9] [10] [11] , although Schoenbeck et al. reported in 2002 that the Th-2-mediated immune response would prevail in ectatic atherosclerosis in human abdominal aortic aneurysm, and the Th-1-mediated response in stenotic lesions 12) . In the present study, the authors counted infiltrating inflammatory cells in the subintimal region and quantitatively estimated the transition of the distribution as the type of atherosclerosis advanced. Since calcified lesions were not suitable for immunostaining and more advanced type and with calcification or vulnerable lesions would be highly prone to ischemic episodes with inflammatory responses around atherosclerotic lesions, these lesions were excluded from the present study. Therefore, it is unlikely that the cases used here included cases of ischemic heart diseases, such as acute myocardial infarction and angina pectoris, although episodes of angina pectoris and coronary spasms, which were reported to induce inflammatory responses in the adventitia, were not checked in the used cases 22) . The distribution of infiltrating inflammatory cells in subintimal regions was compatible with previous reports [3] [4] [5] [6] [7] [8] [9] [10] [11] . Neither B lymphocyte marker (CD20)-positive cells nor pyroninophilic cells were found in the subintimal region, although Mp and activated Mp marker (CD68, Mac-2)-positive cells significantly increased in type . This suggested that Mp supply and In some cases, small lymph follicles of this size were recognized in adventitia. HE stain lumen lymph follicle subintima adventitia activation were preserved in the subintimal lesions of type atherosclerosis 23, 24) . Concerning the adventitia, on the other hand, Schwartz and Mitchell first described in 1962 that the more advanced the atherosclerotic lesion, the more increased the cell infiltration in the adventitia 16) . They reported the formation of lymph follicles with plasma cells in the adventitia, and suggested that B lymphocyte infiltration was predominant in the adventitia of atherosclerotic lesions. Ramshaw and Parums followed and confirmed this in 1990 1) . In recent years, several reports have been published about adventitis accompanying atherosclerosis 15, [17] [18] [19] [20] , but no reports have tried to elucidate the transition of the distribution of infiltrating inflammatory cells in the adventitia with advancing atherosclerosis. In the present study, T lymphocyte marker (CD45RO, CD4, CD8)-positive cells decreased in type , which might suggest that the original inflammatory response subsided in type and different or other inflammatory stimuli were induced in type . This second inflammatory stimulus in type , it was supposed, might induce a different immune response in more advanced lesions which was not involved in the present study and might be consistent with previous reports 1, 12) . Mp marker (CD68)-positive cells significantly decreased in type , later than type (p 0.05). This is another supportive finding of a second inflammatory response in type , but there remains the possibility of an occasional finding because most Mp, except one case in type , was at the same level as in type . Further investigation is necessary to confirm the second inflammatory response. Although B lymphocytes were previously reported to be predominant in adventitis with atherosclerosis 1) , T lymphocytes without B lymphocytes were more predominant in the present study. The appearance rate of B lymphocytes, about 20% (10/48 cases), suggested that inflammatory cells predominantly consisted of T lymphocytes and Mp in the adventitis with atherosclerosis, but in some conditions or situations, such as the adventitia of late atherosclerotic lesions, B lymphocytes were also involved and predominant. This means that the Th-1-type immune response is dominant but sometimes the Th-2 type is dominant in adventitis with atherosclerosis 12) . To clarify these differences in adventitis, more detailed studies of the transition, such as chemokine or cytokine network transition, are needed.
In conclusion, the Th-1-type immune response was dominant in adventitis with atherosclerosis, but Th-2-type immune response was occasionally induced, and this depended on the condition or situation of each case. The second inflammatory response would be induced in the adventitia of advanced atherosclerosis, type .
